The streptococcal group A and E cell wall polysaccharide (PS) antigens were esterified under identical conditions with four fatty acid chlorides (lauroyl, myristoyl, palmitoyl, and stearoyl), varying from 12 to 18 carbon atoms. With group A PS, it was shown that the four resulting esters varied in their ability to sensitize red blood cells (RBC) to agglutination in the presence of specific antiserum. The most active was palmitoyl (16C) followed by myristoyl (14C). The least active was the lauroyl ester (12C). One-tenth as much palmitoyl ester was required as stearoyl group A PS ester. Such variation in the ability to sensitize RBC was not demonstrated with the group E esters, with the exception of the lauroyl ester which was the least active. Removal of N-acetylglucosamine from the esterified and the nonesterified group A PS by enzyme action resulted in a significant loss of serological activity of both antigens. No appreciable difference in the rate or total loss of activity was found in either case. It was demonstrated that both tritium-labeled stearic and palmitic acids and their respective PS esters were adsorbed in significant amounts to RBC. The results indicate that the esterified antigens were adsorbed to the RBC because of the presence of the fatty acid in the PS ester. Attempts to block the receptor sites on the red cell by presensitizing the cells with fatty acid were negative. Likewise, the adsorbed ester did not prevent the uptake of fatty acid at the levels tested. Tritium-labeled esterified group A PS and group E PS were used to show that the amount of antigen required to produce maximal agglutination was the same when cells from the same individual were used, whereas this was not the case when cells from different individuals were used. The amount of antigen required to produce maximal agglutination varied from one batch of sheep RBC to another. Once the optimal concentration of antigen was reached, any additional adsorption did not increase the titer of agglutination.
Lipid-free, nonacidic polysaccharides (PS) from the bacterial cell wall, such as streptococcal group carbohydrate antigens, will not sensitize untreated red blood cells (RBC) in order for passive agglutination to occur in the presence of specific antiserum. In recent studies, Hammerling and Westphal (2) and Slade and Hammerling (7) reported that such PS after esterification with a fatty acid, such as stearic acid, will sensitize RBC and agglutination can be obtained. It was shown (7) that the procedure can be used to determine the antibody levels in sera from men and animals with group A or E streptococcal infections. It was indicated that a similar procedure might be applied to other antigenic polysaccharides.
The authors also noted that different amounts of esterified group A-and group E-specific PS, possessing approximately equal ester contents, were required to produce optimal sensitization. It was suggested (7) that individual antigen molecules may not contain the same quantity of ester and that the stearic acid chain exerts steric hindrance, depending on the structure of the molecule.
The present study was undertaken to obtain direct evidence of adsorption of the esterified PS to the RBC. It was also of interest to determine the effect of the length of the fatty acid chain and the possible effect of steric hindrance by the fatty acid in the PS ester on sensitization of RBC PAVLOVSKIS AND SLADE to hemagglutination. A preliminary report has already been presented (0. Pavlovskis and H. D. Slade, Fed. Proc. 28:663, 1969 (3) . The cells were centrifuged, washed until the supernatant fluid was colorless, and then lyophilized.
Extraction of antigen. Group-specific PS cell wall antigen was extracted from whole cells by the trichloroacetic-phenol procedure of Slade (6) .
Esteriflcation of antigen. The fatty acid chlorides (lauroyl, palmitoyl, myristoyl, and stearoyl) used in the esterification of the polysaccharides were purchased from Eastman Organic Chemicals. The tritiumlabeled stearoyl-9, 10-3H and palmitoyl-9,10-3H chlorides were obtained from New England Nuclear Corp. Other reagents used in the esterification were prepared as reported earlier (2, 7) .
The group A and group E PS were esterified by the procedure of Hammerling and Westphal (2) (7) , by using as dilutant 0.85% saline containing 0.3% lyophilized whole normal rabbit serum. Antisera were prepared with rabbits by the injection of whole streptococcal cells according to Slade and Slamp (8) 
RESULTS
Slade et al. (7) demonstrated that the O-stearoyl derivatives of group A and group E PS sensitize the red cell and that sufficient receptor sites remain available to produce hemagglutination. It was shown that quantitative aspects of the antigen-antibody combination were affected by esterification; i.e., more esterified antigen was required at the equivalence point and less nitrogen was precipitated. This indicated that the stearic acid chain exerted steric inhibition on some of the active sites (7). It was of interest, therefore, to determine whether esters containing shorter fatty acid molecules would exert less steric hindrance and thereby change the quantitative aspects of the method.
The two group-specific PS were esterified, under identical conditions, with each of four fatty acid chlorides: lauroyl, myristoyl, palmitoyl, and stearoyl. The resulting esters were compared by passive hemagglutination tests with groupspecific antisera. In the case of group A PS, it was found that the esters differed in their ability to sensitize sheep RBC, since different amounts of the esterified PS were required to give maximal agglutination (Table 1 ). This variation in the sensitivity of the esterified PS appeared to be (Table 1 ). The lauroyl group E ester was again the least active, whereas the other three group E esters were similar to palmitoyl and myristoyl group A PS, since approximately 25 to 50 ,ug was required for maximal agglutination.
The steric effect of the fatty acid moiety of the molecule was further investigated by treatment of both esterified and nonesterified PS with an N-acetylglucosaminidase. It has been demonstrated that this enzyme removes N-acetylglucosamine and the serological specificity from the group A PS (4). The enzyme-PS mixture was held at 25 C; at various times, samples were withdrawn, and the amount of glucosamine released and the antigen-antibody precipitin curves using specific antisera were determined. The results of one experiment are shown in Fig. 1 the concentration shown in Table 2 , the cells lysed rapidly. The concentration of fatty acid at which significant lysis began depended on the cells and their age.
To obtain more precise information regarding the receptor sites on the red cell surface involved in the adsorption, several "blocking" experiments were done with unlabeled ester and tritiumlabeled palmitic acid. The cells were first sensi- tized with the unlabeled ester at two levels of palmitoyl group A PS (25 and 75 ,g) and then washed four times with saline. These cells were then sensitized with tritium-labeled palmitic acid. Results of one such experiment are given in Table 2 . It can be seen that the quantity of palmitic acid adsorbed was in proportion to the quantity of acid to which the red cells were exposed, even though the RBC had previously been exposed to the optimal ester concentration (25 Mg) for hemagglutination. Microscopic examination of the cells showed that at high antigen concentration the cells often became misshapen and lysis occurred.
Similar results were obtained when the reverse experiments were done, that is, when cells were presensitized with radioactive palmitic acid, washed four times, and then sensitized with unlabeled palmitoyl group A PS. The highest level of palmitic acid used to presensitize the cells (Table 3 ) was more than double the concentration of the fatty acid moiety found in the esterified PS at levels giving maximal agglutination. The results (Table 3) show that there is no appreciable decrease in the agglutination titers due to "blocking" the adsorption sites with palmitic acid. Tritium-labeled palmitoyl and stearoyl group A and group E esters were used to study the quantitative adsorption of the esters by the RBC. The results of one such test are represented in Fig. 2 . The correlation between the amount of antigen adsorbed per red cell and the agglutination titer of this experiment is shown in Fig. 2 . Previous investigators have reported that there is an optimal concentration of the esterified PS for sensitization of RBC (2, 7). We have found, by use of radioactive esters, that the antigen adsorption increases asymptotically with respect to the titer as expected. The base line of the curve, however, varies depending on the RBC. Red cells from different individuals adsorb different amounts of antigen.
DISCUSSION
In the present study, we have shown that, when streptococcal group A PS is esterified with fatty acids differing in the length of their carbon atom chain, the resulting esterified PS varies in its ability to sensitize sheep erythrocytes. This variation could be related to the carbon atom chain of the fatty acid. The optimal length of the chain which yielded the most active antigen was 16 carbon atoms.
The group E PS esters, with the exception of the lauroyl ester, did not show such a distinct variation in their sensitivity. Differences between the two esterified group-specific PS have been noted previously by Slade et al. (7) . There are also variations between esterified starch, dextran, and PS from different gram-negative bacteria (2). The reasons for this variation between the two group-specific PS are not known at the present time but are most likely related to the structure of the polysaccharide. It has been shown (H. D. Slade et al., Bacteriol. Proc., p. 46, 1965) that group E PS is a rhamnose-glucose polymer with a molecular weight of about 10,000, whereas the group A PS is a rhamnose-N-acetylglucosamine polymer (4) . To explain the difference in the sensitizing ability of the two types of PS, the degree of cross-linkage and the number of hydroxyl groups available for esterification would have to be known. Since the two types of PS vary in their gross chemical composition, they probably also vary in their structure, most likely in the length and nature of the serologically specific side chain. One could account for the differences by postulating that (i) because of chemical and structural differences, some of the antibody combining sites may be masked by the fatty acids in one PS and not in the other; (ii) different numbers of antibody combining sites may be available in the two group-specific PS; and (iii) the different fatty acids can cause steric hindrance in varying degrees in the two types of PS.
It appears from Table 1 that the fatty acid moiety either has a masking effect on the antibody combining site or exerts steric hindrance, or both, since fatty acid chlorides having carbon chains of differing lengths gave antigens possessing different sensitivities. Also it appears from Fig. 1 that no significant steric effect was involved in the enzymatic release of the serologically specific part of the group A PS. Thus, it is not likely that any single factor is responsible for the differences between esterified group A and group E PS, but rather a combination of factors is involved. Finally, because of the procedures used for the extraction of the PS from the cell wall, the two PS molecules may be degraded into various heterogenous fragments which respond differently to the esterification procedure. That this may occur was also indirectly pointed out by Hammerling and Westphal (2) , who stated that it is necessary to determine the optimal concentration of antigen for each preparation.
As noted earlier, direct evidence was needed to determine whether the esterified antigen adsorbed to the RBC via its lipid. The results presented in By use of labeled, esterified PS, we have demonstrated that, once the optimal amount of antigen has been adsorbed by the cell resulting in maximal agglutination, additional adsorption of antigen will not increase the hemagglutination titer. The minimal amount of antigen adsorbed by the RBC from different animals to produce maximal agglutination can vary (unpublished data). However, when RBC from the same source were used, the results were similar. It may, therefore, be assumed that the difference in the amount of the radioactive PS adsorbed by RBC from different animals is due to the variation in the number of receptor sites on the red cell. At antigen concentrations below those yielding maximal agglutination, the agglutination titers, however, were not necessarily linear to the amount of antigen adsorbed by the RBC.
